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INTRODUCTION. 
A knowledge of the fundamental biological reactions to metals is a 
prerequisite to their intelligent use in the fight against disease.  It 
has long been known that lead retards growth, but the studies so far 
made have  dealt merely with the gross response  (1-5).  They are 
thus  inadequate  save  as  confirmations of  a  predictable  reaction. 
They tell nothing of the differential response, or whether it is growth 
by increase in cell size or growth by increase in cell number which is 
affected.  This distinction is of importance if the use of lead or any 
other  metal  as  an  inhibitant  of  pathological growth  is  to  have  a 
rational basis. 
As a first step in the analysis of this phase of metal activity a series 
of studies was made of the influence of lead on cell growth and mitosis 
in root tips.  The results are reported in preceding papers.  Bdefly, 
it has been established by this work that lead retards growth because 
it  inhibits mitosis or  cell proliferation,  not  because it  inhibits  cell 
growth in size (6).  It does this because certain chemical properties 
of the nucleus, particularly the nucleus in mitosis, make possible the 
concentration of lead therein (7,  8), thus precipitating out of action 
substances essential for cell division (9). 
While there is  every reason  to  suppose from both chemical and 
morphological evidence, that  the phenomenon of mitosis is  funda- 
mentally the same in plants and animals, and hence that the basis of 
growth inhibition by lead would be the same in each, yet supposition 
is not proof.  For this reason a  repetition of the plant experiments 
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was  begun  on  the  animal.  The  chick  embryo was  chosen  because 
material  is  at  all  times  available,  because  controlled  cultivation  is 
possible,  and  because its  developmental  stages  are  well known  and 
accurately determinable by somite count. 
Procedure. 
A series of embryos was subjected to lead during growth as  follows:  Clean, 
unincubated  eggs were  lightly brushed  with  80 per  cent  alcohol.  They were 
allowed to stand under sterile  conditions  for 10 or 15 minutes until the rotation 
of the yolk had brought the blastoderm to the top.  The egg was then lightly and 
quickly flamed with an alcohol lamp and placed on an appropriately designed 
sterile holder.  The top surface was dabbed with alcohol and a window cut in the 
shell with a safety-razor blade.  The blastoderm now being in view, 0.4 to 0.5 
ce. of yolk was removed and replaced with the same volume of Pb(NO3)2 solution 
containing 0.05 per cent Pb ion.  This was done  with a  micro syringe.  Care 
was taken to avoid injury through stretching of the yolk sac during the puncture, 
or through making the injection  too rapidly or too near the blastoderm.  The 
lead was injected under the blastoderm through the same hole that was used for 
the withdrawal of the yolk.  The membrane and shell were then replaced and the 
edges  sealed  with paraffin.  Precautions for the  maintenence  of sterility were 
rigorously taken.  The egg was then placed in the incubator with the window not 
on top.  By this detail the embryo is brought to the top of the egg out of the zone 
of tension caused by the cut in the external membrane.  It thus escapes mechani- 
cal distortion which  much  experience  has shown  to be the  cause  of abnormal 
development and high mortality. 
After incubation for 18 to 72 hours the eggs were taken from the  incubator. 
The living embryos were gently cut from the yolk sac, washed free from yolk in 
warm saline with brush and pipette, dehydrated in increasing  concentrations  of 
alcohol, cleared in xylol, stained  with neutral red and Janus green, and mounted 
in balsam.  In this way a series of leaded embryos from the head fold to  the 30 
somite stage was obtained. 
For  comparison  three  sets  of  controls  were  prepared.  The  first  consisted 
of normal embryos, the second of embryos from eggs in which the window alone 
had been cut, and the third of embryos subjected  to 0.8 per cent NaCI instead 
of lead.  The reaction to lead was determined  by comparing  the tests with the 
controls of equal somite  number.  This,  rather than the time of incubation, is 
the accepted index of degree of development in the early stages. 
Fresh,  clean, fertile eggs from the White Leghorn and Barred Plymouth Rock 
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FIG. 1 a.  Leaded embryo (1-4') 
of 20 somites. 
FIG. 1 b. Normal embryo 
(1~-8) of 20 somites. 
FIo. 2 a.  Leaded embryo  FIG. 2 b.  Normal embryo 
(L-9) of 26 somites.  (N-12) of 26 somites. 
Drawings of normal chick embryos  and of embryos subjected to  lead  during 
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RESULTS. 
The most striking response to the presence of lead is the retardation 
of the differential development of the head end of the embryo.  This 
is exhibited in the youngest head fold stage as well as in the one of 
30  somites or more.  The phenomenon is shown in  Figs.  l  a,  I  b, 
2 a, and 2 b where leaded embryos of 20 and 26 somites are compared 
with their normal controls.  The absence of progressive differentiation 
is  marked in  these  two  characteristic specimens.  In  less  affected 
embryos, even though growth has proceeded, the retardation of de- 
velopment of the optic anlagen is clearly evident. 
This  selective type of inhibition  does not follow the disturbance 
caused by cutting the window, nor when there is added to tMs the 
removal of 0.5  cc. of yolk and its replacement with saline solution. 
In the latter case, indeed, the impression is given of a tendency to an 
overdevelopment of the  head region.  TMs  was  not  confirmed by 
detailed study since our interest was primarily in the lead reaction. 
The somites are also the seat of a differential retardation.  When 
the width and length of these active centers of cell proliferation are 
measured in embryos which develop in contact with lead, it is found 
that they are not only absolutely, but also relatively smaller than the 
same placed structures in the controls of equal somite count.  This 
is  determined by  the  quotient  of  embryo  dimension  into  somite 
dimension.  The data over a wide range of development are given in 
Table I. 
The consistency of the difference at the several stages establishes 
the reaction as definite.  Its significance  is determined by the fact 
that it appears neither in the window controls nor in the saline con- 
trols.  In other words, lead produces a specific differential retardation 
of somite growth. 
A tMrd result is that the embryos which grow in contact with lead 
are  smaller than  their controls of equal somite number.  TMs  re- 
tardation of gross growth is of course what was to have been expected. 
It is essentially specific in that it does not occur when the eggs are 
only opened, or opened and injected with saline. 
A distinction needs to be made here between embryo size as based 
on sorrfite count, and size as based on duration of incubation.  The TABLE  I. 
Somite and Embryo Dimensions in Lead-Treated Chicks and Their Controls. 
Somite  Embryo  S/E 
Somites 
Embryo No.  measured 
Width  Length  Width  Length  Width  Length 
0.01 nun.  0.01  ram.  0.01 ram.  0.01  ram. 
per cent  per cent 
15 somites 
Pb-L3  13  ,8.1  8.2  109.6  260.3  7.4  3.2 
Cont.-NTc  13  13.2  10.3  123.3  287.7  10.7  3.6 
Pb-IA  14 
Pb-IA'  15 av. 
Pb-L5  12 
Cont.-N8  14 
Cont.-N9  10 av. 
Cont.-N10  10 
8.9 
12.6 
Cont.-S8  14  13.4 
Cont.-W14'  10 
Cont.-Wl5  13 av.  15.9 
Pb-L7  10 
Pb-LT'  14 av.  11.4 
Cont.-Nil  12 
Cont.-Nil'  14 av.  15.3 
Cont.-S9  13 
Cont.-S9'  15 av.  12.1 
Cont.-W16'  11 
Cont.-W17  12 av.  15.1 
Pb-L8  I0 
Pb-L9  20  av. 
Pb-L9  '  11 
Cont.-N11a"  14 
Cont.-N12  13 av. 
Cont.-N13  10 
12.9 
18.5 
Cont.-S10  11  17.1 
21 somites 
8.6  123.3  311.0 
12.1  141.1  397.3 
11.4  150.7  383.6 
11.9  178.1  411.0 
23 somites 
10.7  143.9  404.2 
15.2  171.3  534.3 
12.3  130.2  417.9 
13.7  164.4  438.4 
26 somites 
10.4  134.3  387.7 
16.4  160.3  524.7 
17.1  157.6  534.3 
7.2  2.8 
8.8  3.0 
8.9  3.0 
8.9  2.9 
7.9  2.6 
9.0  2.8 
9.3  3.0 
9.2  3.1 
9.6  2.7 
11.5  3.2 
10.9  3.2 
Pb---Lead-subjected embryos. 
Cont.-N--normal  controls. 
Cont.-S---saline controls. 
Cont.-W--window  controls. 
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disturbance due to operation does slow down growth so that it takes a 
longer time for the embryo to reach the same somite number as the 
undisturbed  control.  But  notwithstanding  this  delay,  when  the 
embryo does reach a given somite stage of development it is essentially 
the same size as its normal control of somewhat younger age.  This 
is shown in the table.  On the other hand, the leaded embryo is not 
only delayed in reaching normal somite count, but also when this is 
reached after the longer interval of incubation, it has failed to attain 
the dimensions normal for the somite stage of development.  Hence 
it is obvious that a  specific type of gross  growth retardation is pro- 
duced by lead. 
SUMMARY  AND  CONCLUSIONS. 
Our study of the effect of the lead ion on the development of the 
chick embryo has brought out the following facts: 
1.  Gross growth is retarded. 
2.  Somite growth is retarded to a degree greater than that exhibited 
by body length and width. 
3.  The head and optic anlagen are regions of particular sensitivity. 
Their differential development is markedly inhibited. 
From the purely biological point of view these results are in line 
with the findings of Child (10) and his school as to the sensitivity of 
the head  end  of  rapidly  growing organisms  to  harmful influences, 
and with those of Stockard (11) as to the peculiar sensitivity of the 
optic anlagen. 
It is almost too well known to need repetition that the head region 
and the somites of embryos are specific  areas of intense growth by 
increase in cell n-umber.  Therefore, turning from the general to the 
particular, the differential retardation of these regions which is caused 
by lead, is evidence justifying the conclusion that it is areas of rapid 
growth by cell proliferation which are selectively inhibited by  this 
metallic ion. 
Credit for the drawings is gratefully given to Eleanor Paxson, artist 
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